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ABSTRACT 

Tie effects of instruction on the ability of children 
zc generate written hypotheses and ask questions about variables 
pertaining to scientific discrepant events were investigated. Two 
hundred five ninth graders were assigned to a control group or one of 
four experimental instruction groups. The experimental instruction 
was received by watching a discrepant event until 6 acceptable 
hypotheses were written. Ihe instructor then evaluated each of the 6 
Hypotheses by cue of four predetermined standards which varied in 
reinforcement (either differentiated positive or no reinforcement); 
and criteria group (either mention or no mention of the criteria for 
good hypothesis formation). Following the instruction, all groups 
were shown two discrepant events and were requested to write 
hypotheses for one and questions for rhe other. Five days later 
another event was observed by each group; students then asked 
questions of the investigator which were answered yes or no, 
Ccnclusions regarding which method of instruction producer! the best 
results when compared to no instruction involved predominantly the 
approaches of reinforcement alone and reinforcement plus criteria. 
Reinforcement was essential for greater quantity of written 
hypotheses; for quality, reinforcement plus knowledge of xhe criteria 
was superior to no instruction. Differences in short- and long-term 
applications were mentioned. (CS) 
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IKTROTUCTION 



Pr©a youngsters* cries of WHY to probing questions froa scientists 
and philosophers y the process of hypothesising has occurred for generations 
and centuries throughout civil izat iona « Socrates , over 2,000 years ago, 
acknowledged the processes of division and generalization as essential 
to help him speak and thinko And today, this expression is applied in 
classrooms as teachers attempt to develop the hypothesizing skills of 
their students. Unf ortunately, however, the teachers do not always 
succeeds As evidence, consider the following story* 

After completing a grammar lesson in the proper use of the 
exclamation point, a teacher allowed the students time for meditation* 
Two young men, from opposite sides of the room, decided to apply their 
recently acquired knowledge by writing a note to the girl sitting in 
fronto One wrote the following: "i luv uj** The other wrote: **I hate youl** 
Although both students applied their lesson, in one note the grammar was 
vrong but the application was right while in the other the grammar was right 
but the application was wrong « And, that is the way it isi Students are 
taught concepts but are seldom properly instructed in application^ Not 
that we«*-a8 science educators -Miust teach students WHAT to think but we 
are obligated to teach students HOW to thinko 

The inquiry approach to science teaching, developed in the 1960*6, 
is Intended to help students acquire and apply problem solving skills 
while discovering scientific concepts* Yet, success does not depend 



apon the presence of the curriculua but by the way students are instructed 
to recognize the variables contained in problems and, ultimately, to 
generate hypotheses about possible solutions <>' 

Occasionally teachers assume students perceive a problem when, 
actually, they do not. The resulting situation is much like that of 
the farmer who was unable to train his stubborn mule« After failing, he 
hired the best mule trainer in the world. Upon arriving, the trainer 
carefully examined the animalo Picking up a long piece of wood^ the 
trainer implemented the training program by firmly striking the mule* 
**! hired you to train my mule not beat it to death, ^ exclaimed the irate 
farmerl HTrue,** calmly replied the trainer, "but, first I had to jet 
its attention.** Although utilizing interest instead of coercion, teachers 
must focud the attention of studentfio By using simple and clear discrepant 
events, which contain multivariabled explanations, students can be taught 
to isolate vF'^iables in such a way to generate a greater quality and 
quantity of hypotheses o 

PURPOSE 

The purpose of this presentation is to discuss the highlights of 
a study conducted to determine how intensive instruction in hypothesis 
formation can produce a greater quality and quantity of hypotheses and 
a greater quantity and diversity of questions about the variables pertaining 
to a scientific discrepant evento 
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PROCEDURE 

Subjects 

Thi ^rticipant« were ninth trade students Frederick Saaacer 
Junior High School in Upper Marlbora, Maryland* Aa a school in suburban 
Waahinjton, D. Co, Frederick Sasscer is part of the Prince George^s 
County Public School System which i« one of the largest in the Nation. 

Participation in both the initial investigation and the actual 
study was voluntary and required parental consent o A total of 205 students 
representing eleven intact classes were placed into five experinsntal 
groups with forty-one students each. The average age of the participants 
VM 14 years and 8 aonthso In addition, prior to the study, students 
froBi another intact class were selected to participate in an initial 
investigation to determine the feasibility of the intensive instruction 
procedures o 

Des Ign 

The design of the study involved; 

a« randomly placing the subjects fron each intact class into 

one of five experimental groups which were stratified according 
to the sex composition of each intact class, 

b« introducing the subjects to the concept of hypothesis formation. 

Cm intensively instructing four, of the experinttntal groups, and 

do determining the effect of intensive instruction on questioning 
. and hypothesizing behaviors • 

In order to present problems of sufficient interest and discrepancy, 

the Inquiry Development Program films (Suchman, 1966) were selectedo 

Since only five films were necessary, it was important to select those 

which would present a clear problem or discrepant event to the greatest 
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number ©f etudenta. On the baaiB of the exiatinj ecience curriculum and 

advice fron a panel, the following films were selected: 

a« ."The Re8taurant"~to introduce the rcncept of hjrpotheaes, 

b. rrhe Knife**— to provide probletas for intensive instruction, 

c# *n:he. Sailboat and The Fan**— to dcteraine tne effect ef 
instruction on hypothesis formation, 

d« ••The Ice Cubes" — to determine the effect of instruction on 
questioning behaviors, and 

€. "Drinking Boiling Coffee"— to determine the effect of instruction 
•n group questioning behaviors and subsequent hypothesis formationo 

Intensive Instruction 

Intensive instruction was conducted in a large preparation/storage 
roomo Arrangemente were made to minimize distractions by prwiding a 
partitioned desk for each participant and, also, a set of headphones for 
listening to audiotaped instructions. In addition, the film was shown 
continuously on a screen visible by all students. Since two different 
groups received intensive instruction during a normal science class period, 
the procedure took five days. The treatment sequence was, therefore, 
randomized using the pattern prescribed by a Greco-Latin square design. 

The intensive instruction groups varied in the amount of information 
each member received during individual discussions with the researcher. 
The control group only listened to general instructions about hypothesis 
formation and watched the introductory discrepant event — "The Restaurant." 
The procedures for the four instruction groups included! 

a. listening to general instruction about hypothesis formation 
and watching the introductory discrepant event, 

b. watching the intensive instruction discrepant event — »T!he Knife"— 
lantil six acceptable hypotheses were written, and 

c. individual discussions during which the investigator evaluated 
each of the six hypotheses by one of the following predetermined 
standards: 



5 



!• #lfferentiated reinforcement and criteria group— each 
•C the hypotheses had to meet a predetermined level 
of acceptability and, after each was stated, the student 
was (a) positively reinforced (epgo good, very good, 
excellent) and (b) told the criteria for acceptable 
hypothesis formation, 

2* undifferentiated reinforcement and criteria group- 
each of the hypotheses had to meet a predetermined level 
©f acceptability and, after each was stated, the student 
was only told the criteria for acceptable hypothesis 
format ion^ 

3. differentiated reinforcement group—each of the hypotheses 
had to meet a predetermined level of acceptability and, 
after each was stated, the student was only positively 
reinforced, or 

4, undifferentiated reinforcement group — had to generate 
six hypotheses and, after each was stated, the student 
received only acceptance (I can accept this hypothesis). 

The criteria for acceptable, hypothes is formation was any hypothesis 

which rated a three on the Hypothesis Quality Scale (Quinn, 1971) • For 

differentiated reinforcement, hypotheses of levels three, four, and 

five were equivalent to good, very good, and excellent. In total, there 

were four independent variables —criteria (given and not given) and a 

form of reinforcement (differentiated and undif ferent iated) • 

Dependent Variables 

Upon completing the intensive instruction sessions, the participants, 
during their regular class period, were shown another Inquiry Development 
Program film ('n:he Sailboat and The Fan*') and were requested to write 
as many hypotheses as possible. After five minutes, another film—'^The 
Ice Cubes"-.-was shown and the participants were requested to write as 
■any questions as possible which would provide information to help 
explain the discrepancy. Five days later, group discussions began using 
•ne experimental group during each class period until all the experimental 
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jTOTpfl had ca«i»l6ted the discussion (five days)^ During the discussion, 
the students observed another f ilm~"Drinking Boiling Coffee"— and, then, 
had the opportunity to ask questiongto the investigator about the 
discrepant event o The questions had to be specific so they could be 
answered with yes or noo After twenty questions, the discussion was 
ter«inated and the students were requested to individually write hypotheses 
that aight explain the discrepancy* 

Thus, this study gathered data about seven dependent variables t 

a« both the quantity and quality of written hypotheses following 
Intenj* ive ins tru c t ion, 

both the quantity and diversity of written information search 
questions following intensive instruction. 

Cm the diversity of information search questioiis during the 
group discussion, and 

d« both the quantity and qjality of written hypotheses after 
the group discuss ion© 

Statistical Analyses 

The dependent variables for the written questions and hypotheses 
for each participant of the various experimental groups were analyzed 
by planned comparisons (contrasts) for the main effects interactions and 
treatment versus nontreatment comparisons. As significant differences 
occurred, either the Newman-Keuls or Dunnett test was conducted to determine 
the extent* The level of significance to support the various research 
hypotheses was 0«05* 

To determine the dependent variable of question diversity during 
the group discussion, an analysis of variance and both the Newman-Keuls 
and Dunnett tests were conducted • 



Quaotlty pf Hypotheaes and Questions 

The measure for quantity was the number ef nonrepeatablc hypotheses 
and questions. In the event of an incoaplete sentence, it was counted 
as part of the total quantity only if the meanine was understood so te 
be rated o 

Quality ©f Hypotheses 

Since the scale developed by Quinn (1971) was validatec and, further, 
prwen useful in analyzing hypotheses of both elementary (Quinn, 1971) and 
secondary (Wright, 1974) students, it was selected as the quality aeasureo 
Bach hypothesis was given a point value corresponding to a category of 
the scaleo These numbers were averaged to detenaine the quality of 
hypothesis generation for each individualo 

Diversity of Questions 

Suchaan (1962b) devised a scale to determine the category of 
questions generated during an information search group discussion. Therefore, 
this scale was utilized. The Shannon Index was selected to calculate 
the diversity of questions because the various functions provided a concise 
means to express how the questions corresponded to the maximum diversity 
of the Suchman scaleo Originally an information scale, the Shannon Index 
measured the uncertainty of predicting the specific identify of specific 
questions when drawing questions at random. Naturally, the higher diversity 
indicated greater uncertainty* 

Correlation to the Measuremant Scales 

To assure t'.^ lack of prejudice on the part of the investigator 
in rating each hypothesis or question, two junior high science teachers 
were asked to rate fifteen hypotheses and questions randomly selected from 
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the responses of participants p Using Kendall's Coefficient of Concordance, 
the results of the teachers and the experimenter were comparede The 
coefficient values were 0o83 for hypotheses and 0.9*^ for questions o 

FINDINGS OF THE STUDY 
The findings supported many of the research hypotheses regarding 
the effect of intensive instruction on hypothesizing and questions behaviors* 
F©r each of the dependent variables, this study revealed the followingo 

Quantity of Written Hypothesis 

Generation Following Intensive Instruction 

The methodB of hypothesis generation intensive instruction which 

employed differentiated reinforcement were more effective than no intensive 

instruction in promoting a greater quantity of written hypotheses about 

a discrepant event following instruction (see Table !)• While differentiated 

reinforcement was superior to no instruction at all, there were no 

significant differences in the quantity of written hypotheses between 

the four intensive instruction groups « 

Quality of Written Hypothesis 

Generation Follovring Intensive Instruction 

Those participants who received dif fezrent iated reinforcement 

Intensive instruction or undifferentiated reinforcement along with 

criteria intensive instruction produced a significantly higher quality 

of written hypotheses than participants who received (a) only undifferentiated 

reinforcement or (b) no intensive instruction (see Table 2)o There was 

no significant difference between either of the differentiated reinforcement 

Intensive infltruction groups and the undifferentiated reinforcement /criteria 
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(Toupo Therefore, in the presence of differentiated reinfwceiaent , the 
addition of criteria as a condition of instruction does not enhance the 
quality of written hypothesis generation (see Figure Do 



Table 1 ©--Pair -vise analyses of experimental group data for the 

quantity of written hypotheses following instruction 



Group 


Mean 


Newman-Keuls* 




Dunne tt** 


A C 
4,049 4.000 


D 

3.439 


B , 
3.390 


E 

2.463 




4.049 


.1751 


2.1801 


2.3552 


4.0080** 




4.000 




2.0049 


2.1801 


3.8842** 




3.439 






.1751 


2.4665 


b2 


3.390 








2.3425 




2.463 











*Significant at 0.05 when t^A.OA 
**Signif leant at 0.05 when t2:3.21 



^Group A: Differentiated Reinforcement and Criteria 

^Group B: Undifferentiated Reinforcement and Criteria 

^Group C: Differentiated Reinforcement only 

^Group D: Undifferentiated Reinforcement only 

Group E; Control 
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Tabl'^ 2-— Pair-vise MnAlyses of experimental group data for 
the quality of written hypotheses following 
intensive instruction 







Newm; 






Dunne tc** 


Group 


Mean 


B C 
2.856 2.764 


A 

2.667 


D 

2.131 


E 

1.853 


b2 


2.856 


.7858 


1.6143 


6.1924* 


6.0631** 




2.764 




.8285 


5.4066* 


5.5070** 




2.667 






4.5781* 


4.9206** 




2.. 131 








1.6805 


^5 
£ 


1.853 1 











*Signif leant at .05 when C^4.04 
**SignlflcanC at .05 when C:S:3.21 



2Group A: Differentiated Reinforcement and Criteria 

3Group B: Undifferentiated Reinforcement and Criteria 

^Group C; Differentiated Reinforcement only 

3Group D: Undifferentiated Reinforcement only 

Group iJ: Control 
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MEAN 
QUALITY 
SCORES 



2.900 

2.800 

2 . 790 

2.600 

2.500 

2.400 

2.300 

2.200 

2.100 

2.000 

0.000 



(differentiated 
reinforcement) 
C 

(2.764) 




(undifferentiated 

reinforcement & criteria) 
B 

(2.856) 



A (di f feren^■I nted 
(2.667) 1 : --ement & 

crittria) 



(undifferentiated reinforcement) 
D 

(2.131) 



NO 



YES 



CRITERIA 
PRESENCE 



Pij. l--Iuteraction Graph of lircatinentB 

Quantity and Diversity of 

Written Information Search Qaestiona 

Following Intensive Instruction 

None 0f the four nethods of hypothesis generation intensive 
instruction improved the ability of the participants to generate a 
significantly higher quantity or diversity of written information search 
questions about a discrepant event following intensive instruction 
(see Table 3-6). 
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Table 3.— Pair-wiac conpariaons of the experimental groups for 
the quantity of information search questions 
following intensive instruction 



Source 


Degrees 
Freedom 


of Sura of 
Squares 


Mean 
Square 


F 


Prob ability 
(less than) 


Treatment vs. Control 


1 


46.849 


46.849 


7.880 


.005* 


Interaction 


1 


7fi 


1.976 


.332 


.565 


Differentiated Reinforcement 
vs. Undifferentiated Reinf. 


1 


.J90 


.390 


.066 


.798 


Criteria vs. no Criteria 


1 


.610 


.610 


.103 


.749 


Error 


200 


1189.073 


5.945 






Total 


204 


1238.898 









*Significant at 0.05 



Table 4.— Pair-wise analyses of experimental group data for 

the quantity of written information search questions 
following intensive instruction 



„ E(Dunnett**) 
G'^o"? Mean 3;902 



C^ 
D^ 



5.220 


2.4475 


5.195 


2.4010 


5.098 


2.2209 


4.878 


1.8125 


3.902 





^^Significant at 0.05 when t £53.21 

2Group A: Differentiated Reinforcement and Criteria 

^Group B: Undif forontiatod Rainforcewent and Criteria 

^Group C: Dif f oranciacod RoinCorcoment only 

jGroup D: Undif fcrentiaCod Roinforcomenc only 

Group E: Control 
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Tftble So— .Pair-^ise comparisons of the experimental groups for 

the diversity of information search questions following 
intensive instruction 



Degrees of Sum of Mean Probability 
Freedom Squares Square F (less than) 



Treatment vs. Control 


1 


.703 


.703 


4.919 


.028* 


Interaction 


\ 


.000 


.000 


.001 


.981 


Dif. entiated Reinforct;. 
vs. Uudif f erentiated Reinf . 


1 


.026. 


.026. 


.180 


.672 


Criteria vs. no Criteria 


1 


.139 ■ 


.139 


.973 


.325 


Error 


200 


28.566 


.143 






Total 


204 


29.434 









^Significant at 0.05 



the diversity of information search questions; 
followiiij^ intensive instruction 


Group 


Mean 


E (DunnettAA 
.6075 




.7966 


.7145 




.7702 


.6145 




.7370 


.4888 




.7134 


.3994 




.6079 





>»Slgnif icauL at. .' when t^3.2i 

^Group A: Di f t'e t . i; ciaced Roiaf orccMont and Criteria 
^Group a: Uiuil t frrentiaced Re Ineorcoinent and Criteria 
^.^Group C: DU' for'-^ntlaLod Reinf orco. ont only 
^Group I); Undl f f r rantiatad Roiniorcement onlv 
Group' i%: CuntruL 
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Quantity of Written r^ypctthesid \ 
Generation After the Group Dlscussien 

Intensive inatruction which utilized only differentiated reinfcrccacnt 
waa found more effective than no intensive instruction for promoting a 
higher quantity of written h3rpothe8es after the information search group 
discussion (see Table ?)• Again, there were no significant differences 
among the four intensive instruction groups « 

Table 7o— Pair-wise analyses of experimental group data for the 

quantity of written hypotheses after the group discussion 









Newman-Keuls* 




Dunne tt** 


Group 


Mean 


C 

3.293 


B 

2 . 8u:> 2 . 3.4J. 


A 

2.293 


E 

1.902 




3.293 




L.~045 3. 3 SO 


3.4927 


3.4353"=* 




2.805 




1.6206 


1.7882 


2.2301 




2.3A1 






.1676 


1.0842 
.9656 


,5 


1.502 











>'^*Signif leant at .0: vhrn t ^U.OU 
^^"Significant at .0: u^hfe.! t£0.21 



^Group A: 

^Group li : 

^Group C : 

-Group D: 

Group E : 



Dif f eren- 
Undiffer^ 



\tj- . Reinforcement and Criteria 

: Reinforcement and Criteria 



Dif f erer lateci ?.einf orcement only 



Uadiffei- 
Control 



:o,i Reinf orcenent only 
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Qaality o£ Written Hypothesis , 
Generation After the Group Discuss ien 

Participants who were told the criteria for acceptable hypothesis 
leneration (either with differentiated or undifferentiated rilnforeeoent) 
produced a higher quality of written hypotheses after the group discussion 
than participants who (a) received only undifferentiated reinforcement or 
(b) received no intensive instruction. There was no difference in the 
quality of hypotheses when each criteria jroup was compared to the 
differentiated reinforcemtnt group (see Table 8)0 

Table 8,— Pair-wise analyses of experimental group data ifor the 

quality of written hypotheses after the group discussion 



Group 


Mean 


Nei<nnan-KeulE~ 




Dunne tt** 


B ■ A C 
2.815 2.798 2.590 


D 

2. '234 


E 

2.087 


b2 


2.815 


.1224 1.6199 


4.1829* 


3.7061** 




2.798 


1.4975 


4.0605* 


3.6196** 




2.590 




2.5630 


2.5607 




2. 234 






.7484 























^Significant at 0.05 when t^A.OA 
**Sigaif icant at 0.05 when t^3.21 

1 

2Group A; Differentiated Reinf orcenent and Criteria 
^Group B; Undifferentiated Reinforcement and Criteria 
^Group C: Differentiated Reinforcement only 
^Group D; Undifferentiated Reinforcement only 
Group E: Control 
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Diversity of Information Search ; 
Questions During the Group Discussion 

Hone 0t the four forms of hypothesis generation intensive 
instruction significantly effected the diversity of questions submitted 
during a group discussion when compared to no intensive instruction 
(see Table 9) • 



Table 9 p --.Pair -wise analysis ©f data for diversity ef information 
search questions dwring the group discussion 



Group 


• 

S tandard 
Deviation 


Mean 


Newnan-Keuls* 




Dunne tt** 


n A c 
.8755 .8736 .8564 


B 

.8452 


E 

.7802 




0.0370 


.8755 


.0823 .8271 


1.3120 


2.9180 




0.0684 


.8736 


.7448 


1.2298 


2.8598 




0.0649 


. .8565 




.4893 


2.3362 


b2 


0.0435 


.8452 






1.9902 












0.0547 


.7802 









*Significant at 0.05 when t ^4.04 
**Significant at 0.05 when t^^3.21 

^Group A: Differentiated Reinforcement and Criteria 

^Group B; Undifferentiated Rainf orcement and Criteria 

^Group C: Differentiated Reinf orcer.itat only 

^Group D: Undifferentiated Reinforcement only 

Group E: Control 
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CLOSING THOUGHTS 

The preceedlng findings indicated that hypothesis formation 
skills can be improved as a result of intensive instruction* The 
isportant implications | however, are those which apply directly for 
classroom Instruction • 

In this regard, the primary thrust is' which of the methods of 
intensrve instruction produced the best results when compared to no 
instructions Certainlyy the two approaches •f (a) reinforcement alone 
and (b) reinforcement plus criteria were predominant* Reinforcement as 
an instructional condition was essential for a greater quantity of written 
hypotheses during short«»term application* Xikewise for qualityi reinforcement 
along with knowledge of the criteria was superior to no Instruction* 
Therefore 9 if a teacher wishes to improve both the quality and quantity 
of hypothesis formation over a short period of time, reinf orcenent is 
sufficients For the long-<term application, hsmver, the method of 
optimal Intensive instruction is dichotomous* If quality is expected, 
students must have knowledge of the criteria* On the other hand, if a 
greater quantity of hypotheses is expected, instruction with reinforcement 
alone is superior to no instruction* It appears, then, that knowledge 
of criteria makes participants more selective about generated hypotheses* 
Therefore, if both shorts and long-term quality are expected, the teaching 
approach must include knowledge of criteria for acceptable hypothesis 
f ormation« 
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As H«race Mann said: "If ever there was a cause, if ever there 
can be a cause worthy to be upheld by all the toil or sacrifice that 
the hu«an heart can endure, it is the cause of education," 

Thank you for the opportunity to sheie aom o£ t:he highlights of 
his -sdye Since the cause of research into optimal means for promoting 
thinking is worthwhile, it is hoped that this study will provUes. a 
basis for future researcho 
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